NA TURE 


265 


THURSDAY, JANUARY 19, 1888. 


THE TEACHING OF ELEMENTARY 
CHE MIS TR Y. 

Elementary Chemistry. By M. M, Pattison Muir, M.A., 
Fellow and Praelector in Chemistry of Gonville and 
Caius College, and Charles Slater, M.A., M.B., 
formerly Scholar of St. John’s College, Cambridge. 
Practical Chemistry: a Course of Laboratory Work. 
By M. M. Pattison Muir, M.A., and Douglas Carnegie, 
B.A., Demonstrator of Chemistry, and formerly Scholar 
of Gonville and Caius College. (Cambridge, at the 
University Press, 1887.) 

UR 1 NG the past few years numerous expressions 
of dissatisfaction have been more or less openly 
uttered by members of the younger generation of English 
chemical teachers, and the opinion is gaining ground 
that instruction in the elements of the science can no 
longer be imparted entirely on the stereotyped lines of 
practice devised to suit the requirements of a bygone 
generation—of a time when a science of chemistry was 
but beginning to exist, and the conviction had not yet 
been acquired that the subject must ultimately be 
reckoned as a necessary element of a liberal education. 
Several of the objectors have advanced their criticisms to 
the constructive stage, thereby rendering great service to 
the cause ; nevertheless we believe it is the general opinion 
that, although each contains numerous good points, all 
the schemes hitherto advanced are in the main failures, 
and that it is impossible to accept any one as it stands. 
The senior author of the works now under notice has 
been one of the most active objectors to the good old- 
fashioned style of teaching, and has told us in terms 
somewhat vague and general it is true, but none the less 
plainly, what we ought to do. Even chemists recognize, 
however, how comparatively easy it is to preach and yet 
how difficult to practice, and we have therefore patiently 
awaited the publication of details to guide us on the 
tortuous and narrow path to success. These details are 
now before us in the two books of which the titles are 
given at the head of this article ; “ they are intended to 
be used together,” say the authors, and “ their object is 
to teach the elements of chemical science.” What will be 
the verdict of, say, a jury of schoolmasters—by far the 
most competent judges on such a question—as regards 
the merits of the scheme put forward by Messrs. Muir, 
Carnegie and Slater? We venture to predict, and we 
trust, that it will be, “ Impossible.” In order to justify 
this statement we shall proceed to specify our objections 
to the scheme, trusting that, by so doing, some service 
may be rendered to a cause in which so many are now 
deeply interested, and which is undoubtedly of the highest 
importance to the community on account of the inestim¬ 
able advantages to be derived from the teaching of the 
elements of experimental science, and especially of 
chemistry, in schools in a logical and systematic manner. 

The issue of two companion volumes has many 
advantages : indeed we believe that in the future it will 
be thought essential to separate the instructions to a 
student stating what is to be done from any description 
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or discussion of observations or inferences to be deduced 
from results, in order, as far as possible, to induce the 
habit of observing and of reasoning from observation ; in 
no other way probably is it possible to force the student 
to become an independent observer and thinker, and to 
prevent the teaching of science from degenerating into 
mere cram, as is too frequently the case in schools. It 
appears to us, however, that in the earlier part of the 
“Practical Chemistry” Messrs. Muir and Carnegie do 
not sufficiently bear in mind their own intention, and that 
much of the matter would find a more fitting place in the 
companion volume. 

In the “ Practical Chemistry,” we learn from the 
preface, “ the aim has been to arrange a progressive course 
in which, as the experiments become more difficult, the 
reasoning becomes more close and accurate.” But 
surely, in a scientific work, the reasoning should through¬ 
out be “ close and accurate : ” authors who make such a 
statement almost invite suspicion, and it is to be feared 
that in this case such suspicion is unfortunately not 
entirely unwarranted ; the reasoning is indeed but rarely 
close, and not infrequently conspicuously absent. As a 
typical case, and as an illustration of the manner in 
which the experiments are usually set forth, Experiment 1, 
Chapter VI., p. 22, may be quoted :— 

“ Place a small piece of sodium in a little cage of wire- 
gauze attached to a glass rod. Fill a large test-tube with 
water and invert it in a small basin of water ; hold the 
tube with one hand, and with the other bring the wire 
cage containing the sodium under the water, so that the 
gas, which at once begins to bubble through the water, 
passes into the tube and collects there. When the tube 
is full of gas, cover the mouth with the thumb, invert the 
tube, and bring a lighted taper to the mouth ; the gas 
takes fire, and burns with a pale, almost non-luminous 
flame—the gas is hydrogen. Evaporate the water in the 
basin to dryness ; the white solid which remains is a 
compound of sodium, hydrogen, and oxygen ; it is called 
sodium hydroxide, or caustic soda. (The composition of 
this compound cannot be proved at present.) By the 
interaction of sodium and water, hydrogen and a com¬ 
pound of sodium with hydrogen and oxygen have been 
formed. Sodium is an element: if this is taken as proved, 
it follows that the hydrogen evolved as gas in the fore¬ 
going experiment, and also the hydrogen and oxygen 
which combined with the sodium, must have formed part 
of the water at the beginning of the experiment. {Here we 
assume that the material of the vessel was not chemic¬ 
ally changed during the process.) Water therefore is a 
compound of hydrogen and oxygen.” 

What can be the educational value of an experiment 
thus described and discussed ? That water therefore is 
a compound of hydrogen and oxygen only follows when 
a variety of assumptions are made. The tendency of 
such teaching is entirely in the wrong direction : the 
habit of assuming that such and such is the case is one 
which it is all-important to counteract by experimental 
teaching, and practical chemistry will never be of value 
as a rigid mental discipline unless the student be led 
from the beginning to demand and obtain proof of each 
successive link in a chain of arguments. 

Again, the directions for Experiment 3, Chapter II., p. 7, 
are to heat copper in dried air, and to weigh the tube con¬ 
taining it before and after heating ; the weight is found 
to increase, whence it follows that the metal has combined 
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with some other kind of matter, the most likely source of 
which is the air. We then read :— 

“ We must now make two assumptions which can be, 
and have been , proved by accurate experiments. We 
shall assume (1) that the air is a mixture of at least two 
gases called oxygen and nitrogen ; (2) that water is a 
compound of two gases, hydrogen and oxygen. If then 
hydrogen is brought into contact with a heated solid sub¬ 
stance and water is produced, it follows that oxygen 
must have been taken away from the heated solid by the 
hydrogen.’ 5 

The student is therefore directed to heat the copper 
oxide previously obtained in a current of hydrogen, and 
finally to weigh the tube. The weight is the same 
as at the beginning of the series of experiments. 

“You have therefore proved, on the basis of certain as¬ 
sumptions, that when copper is heated in air it combines 
with oxygen in the air to produce a new kind of matter 
called copper oxide ; and that the weight of the copper 
oxide thus produced is greater than that of the copper 
from W'hich it has been produced. By experiments too 
difficult to be performed at present it cast be proved that 
the difference between these weights is the weight of the 
oxygen which has combined with the copper.” 

The effect of such teaching must be that the mind of a 
student with inborn intelligence, instead of having logic 
infused into it, will have become filled with profound con¬ 
tempt of chemical experiments ; it is impossible that it 
should lead to the acquisition of precision of thought or 
judgment. In a properly chosen series of experiments 
everything should be proved ; no assumption should be 
necessary. 

“ The arrangement of the course and the selection of 
the experiments are the outcome of the experience gained 
in teaching chemistry for many years ” (preface). Having 
in mind the manifestos issued at various times by one of 
the authors, we naturally are led by this paragraph to 
expect an entirely original treatment of the subject. But, 
alas ! we fear we may safely say that “ what is true is not 
new, and what is new is not true ” ! Thus, in Chapter IV., 
which bears the imposing heading, “ Conservation of 
Mass of Matter,” we no longer meet with the classical 
candle experiment, and we confess that we little regret 
its banishment; but what have we in its place ? An ex¬ 
periment in which zinc is dissolved in diluted sulphuric 
acid, the hydrogen being retained in a tube; and a 
second, in which marble is dissolved in acid, the carbon 
dioxide being prevented from escaping by potash solu¬ 
tion. We venture to think that neither experiment is 
calculated to impress the beginner, and that the only 
proper demonstration in this case is by some form of 
combustion experiment in which there is an apparent 
destruction of matter; but we hold that it is far better 
simply to lead the student to observe that in every case 
of apparent disappearance a new form or forms of mat¬ 
ter are produced, and to postpone any attempt to teach 
the law of the “ conservation of matter ” until a time 
when the results of the gigantic labours of men like Stas 
can be appreciated. Again, is a blue crystalline solid 
obtained (Experiment 3, Chapter III.), on dissolving 
copper in sulphuric acid and evaporating the liquid 
nearly, but not quite, to dryness—we presume in a water- j 
bath, as directions have previously been given (p. 3) 1 
always to use a water-bath, unless otherwise directed. | 


In Experiment 8, Chapter V., the student is directed to 
electrolyze water containing a little sulphuric acid, and 
the accompanying cut represents a basin in which tubes 
are inserted over electrodes connected with two bunsen 
cells ; in the figure the bunsens are 7/16 of an inch in 
diameter, the basin is 1 inch across at the base, and the 
liquid column 3/16 of an inch deep. Assuming the 
bunsens used to be 4 inches in diameter, the basin 
would be 7 inches across at the base, and the liquid 
Ij b inches deep ; there would consequently be a fairly 
respectable quantity of water to electrolyze. Yet, at p. 7 
of the “ Elementary Chemistry” we read: “If the pro¬ 
cess is continued, the water will at last entirely disappear, 
and in place of it we shall have two colourless gases. 
This result of “ experience gained in teaching chemistry 
for many years ” is indeed remarkable; the store of 
energy in two bunsen cells is truly marvellous, and we 
had not previously realized how great is the capacity of 
tubes such as are figured. At p. 3 the direction is given to 
add sodium to water in a basin, and, when the sodium is 
all gone, to place the basin on a water-bath and evapor¬ 
ate until the water is wholly removed. A white hard 
lustreless solid called caustic soda is said to be obtained. 
Here, again, the authors’ experience is probably extra¬ 
ordinary. We are also under the impression that the 
student would be disappointed with the result of the 
experiment figured on p. 30 of the “ Elementary 
Chemistry.” 

Next, as to the arrangement of the course. What 
strikes us most, and what we are least prepared to excuse, 
in the “ Practical Chemistry,” is the entire absence of am^- 
thing approaching to a systematic arrangement. Part I. 
consists of 102 pages, and the chapters bear the following 
headings: I. Chemical and physical change; II. Ele¬ 
ments and not-elements ; III. Not-elements divided into 
mixtures and compounds ; IV. Conservation of mass of 
matter ; V. Methods of bringing about chemical changes ; 

VI. Chemical properties of water; VII. Classification of 
oxides; VIII. Acids and salts;. IX. Classification of 
salts ; X. Alkalis, and alkaline hydroxides; XI. Reactions 
between acids and salts; XII.-XV. Classification of ele¬ 
ments ; XVI. Conditions which modify chemical change; 
XVII. Oxidations and reductions; XVIII. Strong and 
weak acids. In Part II. (78 pages) the chapters are headed : 
I. Laws of chemical combination ; II. Equivalent and 
combining weights ; III. Molecular and atomic weights ; 
IV. Dissociation; V. Reacting weights of compounds 
determined by chemical methods ; VI. Chemical change; 

VII. Chemical classification. At the outset the authors 
are strictly conservative, and in the most orthodox manner 
possible in the first three chapters instruct the student to 
dabble with a variety of substances never heard of for 
the most part in ordinary life, and to this we most stren¬ 
uously object. W^e are convinced that the only way of 
beginning to teach chemistry, if the object be to cultivate 
the faculties of experimenting, observing and reasoning, 
is to deal with familiar objects and phenomena ; and that 
at the very outset, after as far as possible determining 
the properties' of familiar objects by means of ordinary 
appliances, we ought to set our students to analyze. We 
hold that air and the phenomena of combustion should be 
first studied : the composition of air should be determined, 
and oxygen should be discovered by the student. This we 
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believe to be both historically and scientifically the correct 
method. The composition of water should next be quali¬ 
tatively ascertained. It is a sine qua non that the experi¬ 
ments made with the object of solving such problems be 
throughout logically interrelated; each experiment should 
be suggested by the experiment or experiments previously 
made, and should be made with the object either of 
verifying or extending the information previously gained. 
When a student is told to perform experiments selected 
by the teacher for no apparent reason and merely with 
the object of demonstrating some particular point, their 
value as a logical exercise is practically nil. In solving 
such problems as the composition of air and water, &c., 
the student insensibly realizes the distinctions which are 
to be drawn between mixtures, compounds and elements, 
and soon learns to appreciate the characteristic difference 
between chemical and so-called physical change ; but we 
hold it to be a positive advantage not to insist too strongly 
on the presumed difference now that it is becoming prob¬ 
able that many phenomena hitherto regarded as physical 
essentially depend on a change in molecular composi¬ 
tion. 

These remarks apply also toChapter IV., already referred 
to, and to Chapter V. ; in this latter, the slain of previous 
chapters are rekiiled. Chapter VI. is headed “ Chemical 
Properties of Water.” Experiment 1 was quoted above 
and appears to be intended to serve as proof of the com¬ 
position of water. Experiments 2-7 have nothing what¬ 
ever to do with water, but relate to the preparation 
and properties of hydrogen and oxygen. Experiment 8 
involves the examination of the residues from the pre¬ 
paration of hydrogen and oxygen. Then follows the 
oracular sentence : “ Water is a compound of hydrogen 
and oxygen ; let us examine a few of its properties.” Ex¬ 
periment 9 therefore directs the student to add powdered 
copper sulphate crystals, potassium nitrate and tartar 
emetic to separate portions of water, and to take note 
that water acts on these as a solvent, inasmuch as their 
composition is not changed by it. Experiment 10 con¬ 
sists in adding anhydrous copper sulphate, and also solid 
sulphur trioxide to water; in both cases, it is found 
that the water not only dissolves but acts upon the 
substances. Here the chapter ends : we question whether 
the most conscientious performance of the experiments 
will lead the student to acquire any clear conception of 
the “ chemical properties of water.” 

Thus far we have confined our remarks to the opening 
chapters, it being our opinion that these are all-important 
in a work which purports to teach the elements of 
chemistry. But there is much in the arrangement of the 
remainder of the book to which we venture altogether to 
take exception. Thus a fatal error of judgment has led 
the authors to postpone the experimental discussion of 
the laws of chemical combination and of equivalent and 
combining weights, as well as of molecular and atomic 
weights, to Part II., placing in advance of these all-im¬ 
portant subjects a variety of matters—among others a 
discussion of the properties of the various elements 
classified in groups in accordance with the periodic law— 
which cannot properly be considered without a fairly 
complete knowledge of the laws of chemical combination. 
It is obvious that the authors to some extent recognize 
their mistake, as the order is different in the companion 


volume, the laws of chemical combination, and symbols 
and formulae being discussed in Chapters V. and VI. 

The “Elementary Chemistry” contains a third part 
dealing with subjects which are only touched on in the 
companion volume ; this part is to be used in conjunction 
with portions of the “ Principles of Chemistry,” by one 
of the authors. Chapter I. of this part should have been 
included in Part I. ; the remaining chapters ought never 
to have been introduced into an “ Elementary Chemistry,” 
and are obviously only included because of the senior 
author's well-known tendency to worship physical con¬ 
stants. Thus Chapter It. is headed Dissociation, and 
directions are given for the performance of Lemoine’s 
experiments on the dissociation of hydrogen iodide, and 
of Horstrnann’s on ammonium carbamate : the authors 
evidently to some extent foresee the probable result of 
making such experiments, as, in summing up those on 
hydrogen iodide, they say : “ The results of your experi¬ 
ments ought to show ” that such and such is the case. 
How often would they? Chapter III. bears the title, 

“ Relative Affinities of Acids,” and in it experiments are 
described illustrating Thomsen’s and Ostwald’s methods ; 
the same subject is briefly referred to in Chapter XVIII., 
Part I. The main objection to this chapter is that 
students of elementary chemistry are incapable of per¬ 
forming such experiments with sufficient accuracy. 
Moreover, it cannot yet be admitted that the conception 
introduced by Thomsen is warranted : until the part 
which the water plays is determined, neither Thomsen’s 
nor Ostwald’s results can be accepted as furnishing 
estimates of the relative affinities of acids for a given 
base. A similar remark applies to Menschutkin’s 
etherification experiments, the repetition of which is 
directed in Chapter IV. : the complete interpretation of 
these is yet to be given. 

Nothing is farther from our intention than the desire to 
disparage the study of so-called physical properties—on 
the contrary, we hold it to be of primary importance that 
a proportionate amount of attention should be devoted by- 
students of chemistry to the physical side of their science.; 
but let them learn before all things to regard the pheno¬ 
mena from the true chemist’s point of view. Chemistry 
is to a large extent an art: a large number of relationships 
and peculiarities which are obvious to the skilled chemist 
will probably always elude mathematical treatment ; it 
appears, indeed, to be as impossible to give formal expres¬ 
sion to them by means of physical constants as it would 
be to define the work of a great painter after spectroscopic 
analysis in terms of wave-lengths. Especially have we 
felt this to be the case on reading through Ostwald’s 
invaluable work: it has frequently struck us that he has 
perhaps unduly forgotten his art as chemist in the exercise 
of his great technical skill in determining and setting 
forth physical constants, the result being a picture which 
fails to satisfy. But it is not to be denied that chemists 
as a class have not yet acquired that belief in the power 
of physicists to help them forward which, with or without 
reason, is demanded of them ; and this is not difficult 
to understand. The establishment of the doctrine of 
structure—the great achievement of modern chemistry—is 
the outcome solely of chemists’ labours ; in this particular- 
case, the study of physical properties has served to con¬ 
firm the conclusions of chemists, but there is nothing to 
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show that it could ever have led to them. And all recent 
attempts to directly apply the results of physical deter¬ 
minations have proved most unfortunately barren of 
results: a striking example of this is afforded by the 
complete failure which appears to have attended Thom¬ 
sen’s attempt to deal with the vast mass of thermal data 
accumulated by his unwearied study of carbon com¬ 
pounds. Chemists have not as yet received much assist¬ 
ance from physicists: the determination of physical 
constants has served to give precision to chemical state¬ 
ments, but little else ; and it is not probable that it will 
ever be otherwise. In fact, the attitude of the two classes 
of observers towards natural objects is different, and 
appears to be somewhat as follows. The physicists are 
much like a party engaged in the investigation of a strange 
nation: they walk through the streets of its towns and 
most carefully observe how the houses are externally 
constructed and arranged, and study the traffic in the 
streets, but they do not enter the houses or take note of 
the mental peculiarities of the people. The chemists, 
however, enter the houses : they observe their internal 
structure, they determine the influence of this internal 
structure on the character and occupations of the inha¬ 
bitants, of whose mental peculiarities they also en¬ 
deavour to gain clear conceptions. Those chemists who 
are satisfied to merely cross the thresholds without con¬ 
tinuing their studies and researches, and who therefore 
have much to learn before they can'appreciate the labours 
of their more active and curious brethren, have no right 
to take upon themselves the functions of law-givers. 

Lastly, a few words regarding the illustrations. It will 
no doubt be said that these are only diagrammatic ; that 
students are to perform the experiments themselves and 
therefore will become acquainted with the actual appar¬ 
atus. But even diagrams should be drawn to scale: Figs- 
37, 38, and 43, are illustrations which show how frequently 
this is not the case : if such very wide-mouthed flasks 
were always used as are pictured in most of the diagrams 
a small fortune would be expended in corks. An elemen¬ 
tary work should be properly illustrated by drawings 
which fairly represent the actual apparatus, as such a 
book will necessarily fall into the hands of those who 
have no knowledge of apparatus, and therefore need 
guidance. 

From our remarks it will be gathered that we entirely 
disapprove of the “ Practical Chemistry ” as a book for 
beginners : we do not recommend it even to more ad¬ 
vanced students. Teachers will no doubt be able to 
cull a few useful hints from it, although there is a striking 
absence of originality or novelty in all practical details. 

We have little to say of the “ Elementary Chemistry.’’ 
It is an infinitely better book than the companion volume, 
and a fairly advanced student will find in it much infor¬ 
mation of interest and value not to be met with in any 
other current work of the kind. But it is not an ele¬ 
mentary chemistry in any proper sense of the term, and, 
as in the companion volume, the attempt is made to 
crowd far too much matter into the space at disposal. 

In expressing our opinion thus plainly, we have been 
guided by the desire to do something to stem the 
ever-flowing tide of so-called elementary text-books of 
chemistry; these are mainly the outcome of the existence 
in this country of a vast amount of pseudo-chemistry, 


and of little true chemistry, and the very existence of 
such books is doing an infinity of mischief in helping to 
perpetuate the evil. We believe that it would be of great 
advantage to chemical science to form an Association to 
prevent the further publication of elementary works other 
than such as had been carefully revised and approved of 
by a Publication Committee of the Association. The harm 
done by unsystematic and illogical teaching, and by vague 
experimenting, can never be repaired, and it is incumbent 
on an author to ponder the meaning and effect of every 
word, line, and sentence of an elementary text-book. 

The authors of the “ Elementary Chemistry ” say that 
the book does not profess to be a descriptive catalogue 
of chemical facts regarding the properties of the indi¬ 
vidual elements and compounds. But until a satisfactory 
practical elementary chemistry shall have been written, 
it is far better that students should gain simply an exact 
knowledge of chemical facts, and that in their practical 
work they should be guided by books which we all ac¬ 
knowledge to be sound, though we may think that they 
are far too restricted in range. Let each school purchase 
as many copies as possible of a grand old standard work 
such as Miller’s large “ Inorganic Chemistry,” full of honest 
common-sense and all but free from fads, and let this 
serve as the book of reference. A fair understanding of 
the broad principles which underlie the science may be 
gained from books such as Cooke’s “ New Chemistry,’ 
and Wurtz’s “ Atomic Theory,” both master-works in 
their way. H. E. A. 


CHINESE CIVILIZATION. 

China: its Soaal, Political, and Religious Life. From 
the French of G. Eug. Simon. (London: Sampson 
Low and Co., 1887.) 

HE reader who takes up this volume, expecting to 
find it an ordinary popular sketch of Chinese life 
and manners, similar to dozens of others which have 
gone by and dozens which are doubtless yet to come, will 
be totally mistaken. For in place of a colourless account 
of China—if any account of that wonderful country with 
its marvellous civilization could be written wholly devoid 
of colour,—and a jejune outline of the peculiarities of 
the Chinese, the reader will find here one of the most 
closely reasoned, original, and powerful defences of the 
Chinese social and political system that have ever been 
published in Europe. Writers of eminence, indeed, there 
have been who have selected some special peculiarity 
of Chinese religion, society, or politics, and have held it 
up to the West as worthy of imitation, and^as a mark of 
profound wisdom ; but M. Simon defends Chinese polity 
and civilization all along the line. He lived in China as 
a French official in the critical years succeeding the war 
of 1861-62 ; he travelled widely, and he observed keenly. 
This volume was not written in the first flush of pleasure 
and surprise at the strange and wonderful things he saw 
about him ; he returned home, and has had ample time to 
correct first impressions, to review conclusions formed on 
the spot by the light of subsequent experience and know¬ 
ledge, and years afterwards he is able to tell to the West 
that, as of old, the wise men still come from the East, 
and that the highest product of the human mind is to 
be found in the civilization of China. The most civilized 
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